S) 
551,483 


1975 Level of Development 


November 
1976 


U.S. DEPARTMENT OF THE INTERIOR 


> %& BUREAU OF RECLAMATION 


ontana State Library 


=_—_—_—_ llcrllClCcrCllClCclllhlhlCc hllcrhrhrlClCcrCcCllcrCrlC OCllhcLwhrLlhlUlClClCc Clr lc OllUcr cecelUcrceceellrcerellC cel 


YELLOWSTONE RIVER BASIN AND ADJACENT COAL AREAS 
DEPLETION STUDY 


1975 LEVEL OF DEVELOPMENT 


Prepared by 


Hydrology Branch 
Planning Division 
Upper Missouri Regional Office 
Bureau of Reclamation 
Billings, Montana 


November 1976 


yore R 
ol CRS) 


TABLE OF CONTENTS 


Introduction 

Table 

Drainage Basin Map 
Montana 


Yellowstone River near Livingston 
Stillwater River near Absarokee 
Clarks Fork at Edgar 

Yellowstone River at Billings 
Bighorn River near St. Xavier 
Tongue River at Miles City 
Yellowstone River at Miles City 
Powder River near Locate 
Yellowstone River near Sidney 


North Dakota 


Little Missouri River near Watford City 
Knife River at Hazen 

Missouri River at Bismarck 

Heart River near Mandan 

Cannonball River at Breien 


Wyoming 


Wind River below Boysen Reservoir 
Greybull River at Basin 

Shoshone River at Byron 

Powder River at Arvada 

Cheyenne River below Angostura 
Belle Fourche River at State Line 


South Dakota 


Missouri River at Pierre 


= 


= 


a 


= 


a 


YELLOWSTONE RIVER BASIN AND ADJACENT COALFIELDS 
DEPLETION STUDY 
1975 LEVEL OF DEVELOPMENT 

The Missouri River Basin Comprehensive Framework Study, published in 
L971, Set. up the basic planning objectives for the Yellowstone River 
Basin. Since that time, a national energy crisis has shown the need 
to investigate all potential energy sources and initiate a suitable 
comprehensive plan for development. Since Yellowstone River Basin 
and Adjacent Coalfields have potential energy resources, the Missouri 
River Basin Commission requested and received funds to study the 


Yellowstone River Basin and Adjacent Coalfields. 


In recent years, two studies were completed, the Missouri River Compre- 
hensive Framework Study and the Northern Great Plains Resource Program 
(NGPRP) Study, which, as a part of their functions, updated prior 
depletion studies. The framework study included tabulations of 
historic flows through 1963 adjusted to a projected 1970 depletion 
level flow. The NGPRP study updated the historic flows to 1970, 
added any new depletions for the period 1963-1970 and computed a new 
1970 depletion level flow. The current depletion study was performed 
as required by Work Item No. 12 of the Plan of Study, Yellowstone 
River Basin and Adjacent Coal Areas, Level B Study. This was 
accomplished by updating the Missouri River Basin Framework Study's 
1970 depletion level flow to a 1975 depletion level flow at selected 
gaging stations throughout the basin. This was accomplished by: 

1. Updating the monthly historical flows at those stations. 


2, Updating the monthly depletions at those stations. (Negative 


Digitized by the Internet Archive 
in 2013 


http://archive.org/details/yellowstoneriver19/6unit 


values indicate accretions, positive values indicate depletions.) 
3. Computing the 1975 depletion level by subtracting the accumulative 


monthly depletions to the historic flows at those stations. 


A review of the Missouri River Basin Comprehensive Framework Study 
identified various USGS gage stations used in calculating depletion 


levels. The same stations were used in this study. 


The initial stage of the study involved requesting all depletion data 
for the period 1971-1975 from State and Federal agencies within the 


Yellowstone River Basin. 


Information received from State and Federal agencies came in many forms; 
therefore, some analysis was required to distribute the information to 
the proper gaging station. The following methods were used: 

1. When depletion information was sent by county, a visual in- 
spection of the basin map determined the contribution of depletions 
to its respective river basin. When a county contains more than one 
river basin, the depletions distributed to each basin were proportional 
to the area represented by each basin within that county. 

2. When information was sent represents depletions for two or 
more river basins, the depletions were distributed according to the 


drainage area found in USGS Surface Water Records. 


Five water uses were analyzed to compute monthly depletions. They 
include: irrigation, municipal, industrial, waterspreaders, and stock 
ponds. The following information summarizes the procedure used in 


evaluating the data mentioned above (by State). 
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1. IRRIGATION 


The calculations used to compute the irrigation depletions were 
basically the same for Montana, Wyoming, and North Dakota. Since the 
information was received in a variety of forms, some small adjustments 


were made, but the procedure remained the same. 


The following is an example (see page 4) of how irrigation depletions 
were computed. In this particular case, the data represent the sum 
of four individual river systems. The depletions were distributed 
between the river basins based on the percentage of their drainage 


basin area to the sum of the four drainage basin areas. 


The first part of this example shows how the monthly distributions 

were established for depletions. Various Bureau of Reclamation Definite 
Plan Reports (DPR) were investigated for information concerning diver- 
sion and return flow patterns for different areas throughout the 
Yellowstone Basin. From these, monthly distributions could be 


established. 


Line 1. Based on information from a DPR for the respective drainage 
basin, a monthly distribution in percent for diversions. 

Line 2. Shows monthly diversion requirement in acre-feet per acre 
(AF/AC) from the DPR. 

Line 3. Based on information from a DPR for the respective drainage 
basins, a monthly distribution in percent for return flows. 

Line 4. Shows monthly return flows in AF/AC from the DPR. 

Line 5. Difference between Line 4 and Line 2. Shows depletions 


based on DPR information. Usually, the received data do not correspond 
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with the calculated monthly depletions. Therefore, the generated 
monthly distribution of depletions are used as the basis for computa- 
tion in adjustment of the States data. 

Line 6. Shows monthly distribution of States data based on DPR 
distribution. 

Line 7. Reflects depletions based on States data. Line 6 times 
irrigated acreage. 

Line 8. Due to rounding off the summation of depletions does not 

equal the reported total. Therefore, this line shows a correction to 
Line 7 to obtain the State data. This line shows depletions by month 
based on DPR and States information. Since this data represents the 
depletions for four rivers, they are distributed according to their 
drainage basin size. 

Line 9. Depletions for River 1, based on 43 percent of total drainage 
basin. 

Line 10. Depletions for River 2, based on 13 percent of total drainage 
basin. 

Line 11. Depletions for River 3, based on 6 percent of total drainage 
basin. 

Line 12. Depletions for River 4, based on 38 percent of total drainage 


basin. 


The following narrative indicates how each Stage reported their data 


and how we adjusted the procedure to fit the data: 
Montana 


Information received shows actual depletions by county. Since these 
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depletions were not assigned to specific gaging stations, the task 

was performed by investigating a State map and assigning the depletions 
to stations located in or near the respective county, i.e., Stillwater 
County, all depletions for this county should be included with the 
Stillwater River near Absarokee station. Lines 1 to 5 of the example 
eve computed and the reported depletions were multiplied by the 


monthly distribution (Line 5). 

Wyoming 

The Wyoming data were computed in the same manner as the example. 
North Dakota 


We received Volume 2 of the West River Study which contains the 1971-1975 
water permits granted by the State to irrigators by river basin. Since 
each river basin was identified, the depletions were computed by basin 


according to the example. 


Ground water depletions were computed, when given, as minimal and no 


account was taken for them in the totals. 
2. MUNICIPAL 
Montana 


Information received shows depletions for the larger cities within 
the basin boundary. Each was assigned to its proper gaging station 
based on location and the values were distributed monthly according 


to existing municipal consumptive use. 


Wyoming 


Material received was the cumulative total of water use through 1975. 
The 1970 level was calculated from information sent and the Wyoming 
Water Planning Program Reports. The 1970 level of water use = 
50% x 1970 population x .2 acre-foot per capita depletion. The dif- 
ference between the 1970 and 1975 levels gave depletions for several 
major drainage areas. These depletions were distributed as follows: 

1. According to the population of towns in the drainage areas 
above specified gaging stations. 

2. Uniform distribution by year 1971-1975. 

3. Distribution by month according to existing municipal con- 


Sumptive use. 


North Dakota 


The West River Study showed no surface water permits granted between 


1970 and 1975 for municipal use. 


3. INDUSTRIAL 


Montana 


The State of Montana showed no significant increases in industrial water 


use between 1970 and 1975. 


Wyoming 


Material received was the cumulative total of water use through 1975. 


The 1970 level was calculated from information sent and the Wyoming 
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Water Planning Program Reports. The 1970 depletion level water use = 
100% (1980 diversions - 1967 diversions) x 3/13 + 1967 Diversions. 
The difference between the 1970 and 1975 levels gave depletions for 
several major drainage areas. These depletions were distributed as 
follows: 

1. According to the populations of towns in the drainage areas 
above specified gaging stations. 

2. Uniform distribution by year 1971-1975. 

3. Distribution by month according to existing industrial con- 


sumptive use. 


North Dakota 


The West River Study showed no surface water permits granted between 


1970 and 1975 for industrial use. 


4. WATERSPREADERS 


All States 


Monthly surface water records were investigated to determine the highest 
average flow during spring runoff. Depletions for waterspreaders were 
distributed to various months according to spring runoff peaks. 

Wyoming did include some information showing a distribution pattern 


and it was applied to their depletions. 


5. STOCK PONDS AND RESERVOIRS 


' Two separate cases were considered; 


1. The stock pond is situated directly on a free flowing stream. 


2. The stock pond is an offstream storage system which refills 
only during runoff peaks. The stock pond depletions were distributed, 
based on the runoff, between the months April to June. All other 


months will show a zero value. 


In each of the above cases, the depletion was calculated by taking the 
surface area of the pond times an evaporation rate found in a Bureau 


DPR. Each river basin will have a different evaporation rate. 


Reservoir depletions were assumed to occur in two ways: 

1. Depletions were accounted for during the initial filling of 
the reservoir. 

2. Every year since the filling, depletions were considered only 


as reservoir evaporation. 


Additional Information 


Information on evaporation rates were investigated from three sources: 
1. The Climatic Atlas of the United States. 
2. The MRB Comprehensive Framework Study Volume 6, Plate 10. 


3. Various Definite Plan Reports. 


The evaporation figures used were based on the best available infor- 
mation for each river basin. A standard set of evaporation rates for 


all stations was not used. 


The purpose for reservoir operations in a depletion study is to adjust 
a period of historic operations to reflect present operations throughout 


the period. For example, the increase in irrigated acreage in the 


=a Ss Seal EEE be neal  T ————————— EE 


Shoshone Unit over the years requires adjustment to historic releases 
from Buffalo Bill to reflect the present irrigated acreage throughout 


the historic record. 


Four reservoirs were operated in the study area using 1975 depleted 
flow. Boysen, Buffalo Bill and Angostura Reservoirs were operated 
using 1975 operating criteria identical to 1970 operating criteria. 
The basic operating criteria of Boysen Reservoir are as follows: 

1. Starting in October, estimate uniform release through 
January to end with a content of 580,000 acre-feet. 

2. Release in February that quantity equal to January release. 

3. Assume 100 percent runoff forecast on March 1 makes uniform 
releases to fill at end of July with maximum release for the month of 
March not greater than 135,000 acre-feet. 

4. In July, done exceed full content of 802,000 acre-feet. 

5. In August and September, release inflow but not less than 


72,000 acre-feet in August and 71,400 acre-feet in September. 


Operating criteria used for Buffalo Bill are as follows: 

1. After reservoir peaks in June and July, release irrigation 
requirements through September. 

2. In October, release at uniform rate to reach 200,000 acre- 
feet of storage by the end of January, but release no less than 
irrigation demands or powerplant capability. 

3. Assume 100 percent forecast in February to fill in June but 
do no spill until April and mostly in June. Hold releases so the 


minimum storage in April is 169,000 acre-feet. 
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4. Make minimum river releases at dam of 50 cfs and 200 cfs at 
Heart Mountain Powerplant. 


5. The maximum reservoir content is 423,900 acre-feet. 


Operating criteria used for Angostura Reservoir are as follows: 
1. The minimum flow release to the river is 100 cfs, 
2. Water is stored during nonirrigation season to maximum 
content of 138,800 acre-feet and releases are made during the irrigation 


season for downstream acreages. 


The operation of Bighorn Lake Reservoir used 1975 operating criteria 
that differed from the 1970 criteria found in the Northern Great 
neagine Resource Program data. The change made was the addition of 
storage evacuation for flood control purposes. The operating criteria 
are as follows: 

1. Make uniform releases January through March to bring reser- 
voir storage down to 805,000 acre-feet and assuming 100 percent fore- 
cast on inflow. 

2. Make uniform releases April through June to fill in June 
and assume 90 percent forecast on inflow, 

3. With maximum storage at 1,116,000 acre-feet make releases in 
July to bring storage down to 1,068,000 acre-feet. 

4. For the months August through December, release inflows plus 
that portion of water to draw the reservoir down to 980,000 acre-feet 
in December, 

5. Minimum monthly power releases are made to hold a firm power 


output January through December of 40,3, 40,9, 44.6, 45.2, 44.6, 45.2, 
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hours, respectively. 


RESULTS 


The output for each station is presented in three forms; 

1. A table showing monthly historical flow taken from U.S. Geological 
Survey records. 

2. A table showing the total monthly depletions. The figures 
are computed by adding the individual monthly depletions starting with 
a selected year through 1975, Example: the depletion shown for October 
of 1946 indicates the sum of October depletions from 1946 through 1975, 
February of 1957 shows the total February depletions from 1957 through 
LO/S.-and=SOe FOG. 

3. A table showing the 1975 monthly depletion level flows 
(Table 1 - Table 2 = Table 3). In some instances, the depleted flow 
is shown as zero. This occurs when the total depletions are larger 
than historic flows. This would indicate a negative 1975 level flow. 
Since this condition is not desirable, it was assumed the stream was 


totally depleted and the flow would be zero. 


It was suggested and approved that a better system for establishing 
depletion level flows be developed. In the old studies, depletion 
values were presented on punched cards as a level of development 
(1970 for example). Each new study, as before, would require a new 
set of punched cards to show the new level of development, Within 
the new sytem, the old depletion values were used to compute actual 


monthly depletions for each station. This was accomplished by writing 


iE? 


the computer program DEPLETE. The new monthly depletions were then 
punched on cards. The purpose is to eliminate repunching a new set 

of depletion cards each time a study is initiated. The only require- 
ment now is to update the depletions by month since the last study 

and add those cards to the data deck. Another computer program DEPSTUD 
was written to compute levels of development. It uses the historic 
flows and the monthly depletions (established by DEPLETE) to compute 
the depletion levels of flows at selected stations. The program also 
outputs a listing of the historic flows, monthly depletions, summation 


of monthly depletions, and depleted flows. 
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Table 1 


Selected Gaging Stations for Depletion Study 


Name 
Yellowstone River near Livingston 
Stillwater River near Absarokee 
Clarks Fork at Edgar 
Yellowstone River at Billings 
Wind River below Boysen Reservoir 
Greybull River at Basin 
Shoshone River at Byron 
Bighorn River near St. Xavier 
Tongue River at Miles City 
Yellowstone River at Miles City 
Powder River at Arvada 
Powder River near Locate 
Yellowstone River near Sidney 
Little Missouri River near Watford City 
Knife River at Hazen 
Missouri River at Bismarck 
Heart River near Mandan 
Cannonball River at Breien 
Cheyenne River below Angostura Dam 
Belle Fourche River at State Line 


Missouri River at Pierre 


Station Number 


6-1925 
6-2050 
6-2085 
6-2145 
6-2590 
6-2775 
6-2850 
6-2870 
6-3085 
6-3090 
6-3170 
6-3265 
6-3295 
6-3370 
6-3405 
6-3425 
6-3490 
6-3540 
6-4015 
6-4285 


6-4400 
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The Yellowstone River Basin 
and 
Adjacent Coal Fields 


Drainage Basin Map 


U.S.G.S, GAGE STATIONS 
MONTANA 
YELLOWSTONE RIVER NEAR LIVINGSTON 
STILLWATER RIVER NEAR ABSAROKEE 
CLarks Fork AT Epcar 
YELLOWSTONE RIVER AT BILLINGS 
BiGuorN RIVER NEAR ST, XAVIER 
Toncue River aT Mites City 
YELLOWSTONE RIVER AT MILES City 
PowDER RIVER NEAR LOCATE 
YELLOWSTONE RIVER NEAR SIDNEY 
Norm Dakota 
LITTLE Missourt RIVER NEAR WATFORD CiTy 
Knire RIVER AT HAZEN 
Missourt RIVER AT BISMARCK 
HearT RIVER NEAR MANDAN 
CANNONBALL RIVER AT BREIEN 
WoMING 
Wind River BELOW Boysen RESERVOIR 
GREYBULL RIVER AT BASIN 
SHOSHONE RIVER AT BYRON 
PowDeR RIVER AT ARVADA 
CHEYENNE RIVER BELOW ANGOSTURA RESERVOIR 
Bette FourcHe RIVER AT STATE LINE 
SoumH Dakota 


MissouRI RIVER AT PIERRE 
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